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1. Introduction

Deep inelastic scattering :

P X

QED corrections are large: particularly leptonic corrections

d?c d?o(9) > d2o(k)

dydQZ ~ dydQ® " 2= dydQ?

d?o(0) 2w

Born: d’de2 - yQ4 [2y2xF1 (.CC, Qz) + 2(1 - y)Fz(:z:, Q2)]

d2o (k)

k
_ aNk e ( Q%N k) 2
corrections: dydQ2 ZZ% (%) log (m—g M (y, Q%)

[1=0: C*O(y, Q%) leading logs. are analytically known to
(aL)5 for Singlet, NS, for polarized and unpolarized nucleons.

Blumlein and Kawamura, 2002

k=1: all terms are known.
k = 2: only the I=0 terms have been known until recently.

)

N

m

Main issue : Calculation of O (a2 log (

® N
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Radiative corrections to differential cross section strongly depend

on the measurement of the kinematic variables, e.g. vy, Q?;

, 2
leptons | " Qe Ye 6e

hadrons 5
Jet Qh Yn O

Exp. variables

1. leptonic variables Q2 Ye
2. mixed variables Q2. yn
3. hadronic variables Q3 ,yn
4. JB variables Q%5,Y7B
5. double angle Oc, 0 et
6. 0c,ysB Oc,ysB
7. ¥ method Qs,ys
8. eX method Q7 Yes
leptonic variables mixed variables
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O(«) corrections are large — O(a?) needed.
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2. O(«) corrections revisited

Example: Mixed variables

d2a1) o Q2 d250) d2o(0)
= —1 dzP? 0(z — —
dydQ®> ~ 27 ° <m2>/o #Feel2) 160 = 20) g dydQ?
o Q2 1 . i d25(0) d2o(0)
—1 dz P 0(z — —
"o Og<m3>/o #Pecl2) |06 = 20) qace dydQ?
(@
+§C(1,1)(y7Q2)

e Rescaling;

(i) Q7 < Q% — ISR: z—g—g, J=un/z, Q>=2Q% &= zz,
l
Ji(z)=1
()Q% > Qf = FSR: 2=, §=un, Q*=0Q}/z, &=1wn/z
JE(2) =1/z

This choice of the rescaling preserves the structure :
1 2
P = (1)
1—=z2
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e Integration boundary:
(i) ISR
Avoid the Compton peak = Q3 > Qf > M3
— 2 > 2 = max {g—?,yh}

- Only leptonic collinear singularities

- Avoid Non-DIS structures
(i) FSR
Q@

Kinematic boundary: z > z,, =
YnS

0(171) (yha Ql2)

A, @) = o ({8 [0 (ST - D () -

1—2 z 1—=z2

+21n (y%) +1-— z} Y 2xm F1 (2, Q7))

—I-Q{(z—yh)Peoe(z) [m(l_yh/Z) - 1_—yhln(1_yh> —1]

1—2 22(z —yp) 1—2

1 3 5 1 2
+{-+=+32z4+22| —yp| 5 +-+4+3=2
z 2 z2 oz
yi (12 )
+ (—+;+2> Fa(zp, Q%)

B (g Q2 2) = {Pge(z) lln (11— yh) _ E]n (11— yhz> _ 1]

—Z

1
+21n (_> +1— z} y%2me1($ha Q%L)
Yh
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1—yp 1= ynz <1_yhz
20 2(1—yp)PL(2) |1 T B0 -
+ {z( Yn) ee(z)[n<1_z> BA—yn) \ 1-z
1 3 2 1 2
+ ;+5+3%+% — Yn ;+2+4ﬂ+&

2
_|_y7h (1 + 22+ 222)} Fy(xp, Q%)

2ra? 1 : ‘
1,1 2 . 1,1,% 2 (1,1,4) 2
C( )(y}HQZ) - th? ./ZI dZ{C( )(yh;QMZ)_C[R (yh;Qle)}
0
2w’ (1 = ‘ 1,1,f
0

+  Svrn, Q) (y,, QF)

We confirm the results of Akhundov et. al. Fortschr. Phys. 44 (1996)
373.
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3. Non-leptonic Corrections

I-q Interference term O(«)

50

40 Hocton

30
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y

Comparison of the radiative corrections 5fnt; = d. + 9; (broken line) with the leptonic

corrections J. (solid line) at HERA in mixed variables, Bardin et al., hep-ph/0504423.

Hadronic Corrections

QCD corrections
Solve: AP-equations at LO, add NLO perturbations and
Wilson coefficients.

Refs.:

The relative O(«) correction is growing towards larger values of x and reaches
there about -2% @ Q2 ~ 5000 GeV2. O(a?) corrections are even smaller.
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4. Two—loop contribution

Method: use the RG equations for mass factorization and charge

renormalization eTe~ Annih. ISR

RGE's for OME’s and Wilson Coefficients: ISR and FSR

a 7 ] F’i 7 Ft o 0
o (Q) 89 + 766_ ee + 76'\, Ye o
O  rlrf ok vf
MT —i_ﬁ(g) 89 +’7/ce Fec +7A,6,Fc'\ — 0
0 5] ; . -
o (9) 9g e T 72;] Gee — VeOey — YLy Gye =0
da = — i Bra®t2: a=a/(4r)
5 2 : =«
dln p P

represent as series :

() l

—5ab—|—2al2lnm,u/m abm

(%) l

Eabzéab—l—Zal Z lnm 2/,u abm
=1

Insert into (to O(a?)) :

The logarithms match in the expansion and the final expression is

independent of p.
The final expression expands in /27 and In(Q?/m?).
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2nd order cross section

d20.0+RC d20.0
dypdQ?  dypdQ?

> Ql2 (1,0) (1,1)
+(37) [bg (m—) g9 +0

e

2 2
+ (ﬁ)2 log? Qr C(2:0) 4 1og Qr c@1 4 o22)
27 m2 m2

e e

CZO(y, Q%) : leading log term: 2nd order
— ISR, FSR, interfarence.

Kripfganz, Mohring and Spiesberger, 1991
J. Blumlein, 1994

CD(y, Q%) : Several OME's and Wilson coefficients combine
to cross sections

I1 F1 | ~1 | 1
[Fee,() + Iwee,() + 0@@,,0 — Oce
F1 | ~1 ] 1
[Fe%() + Ue’y,,O o Ue’y
I1 ~1 ] 1
[Fﬂ/(a() + O-We,() - O-ye
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Individual Terms :

(A) P4 o OV, €l Py

\F@ 4
® ®
d
+
C(e]é 1) C& 1)
(A)

Y (g, Q2)

. / L 42P0 () 00z = 26)C D (y, Q1) I (2) - €D (3, Q)]
0

+/1 dzP? (2) [G(z — 2(1)’)6«(1,1)(% Q2)JF (2) — Dy, QQ)]
0
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(1,0) (1 0)
(B). Cey @ P, (C). Che” ® P,

New subprocesses:
Y e € Y

", A N

(11 (te1)
cS C

dQJél) o 2 «x
7~ o <Q ) i (y, Q%) + gcéflv’l)(y, Q%)

dydQ? 2w m2

d20'»(yle) o Q? (1 0) 2 (1 1)
-2

dydQ?  2n n(m%) Q0+ 3,0 @Y

L0 (y, Q%) = / d=PY. (2)J1 ()00 (y, Q2)

0

ey, Q) = / L d2P.(2) 7 ()00 (4, Q%)

0

&M (v, Q%)
_ 2ma? [ dz 0 (1—2)(z—yn)
~ i [y = |{rom (=)

0

z z
—(1422)In (—) — 14+ — +22(1 - Z)} Y 22mF1(xn, Q)
Yh Yh

i {(z —yh)PeO,y(Z)ln ((1 — z)iz —%)) —yp In (yih)

+(z — yn) (y?h —1—2ypz+ 8z + 2ypz — 822>} Fo(xp, Q%)}
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e (y,Q?)
2ra? [l dz < 1y
= T 1 — PO .
th?/Zé 2 [{z n<yh>+ ~(2)1In <1—z>

z
—1 4+ y_} Y7 22 Iy (71, Q7))
h

+2{_yhln(yih> + 1 —yn) 5 5 P2 7(2)1In <11_—yzh>

2 —Yhn
o (2 — Yp — 32 + 2yh2)} FZ(xha Q}QL)]

vy L e [{reom (F=2=2) 2 ()

49— 3 + L} Y7 2xm F1 (zh, Q7))
Z  Ynz
2 {z(l — yh)PSe(z) In <(1 — 92)2(1 - Z)> ~Ynln <yih>

1—=un
2

(7 — yp, — 14z + dypz + 627 — 2yh22)} Ea(zn, szz)]
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O(a*) Results :

Pye P

s s

® ®
N, N
g
cL) i)
(B) (C)

1 ~
V.Y = [ | 2P (C " (5.Q)

0

1 ~
cEM(y, Q) = / =P ()7 ()05 (v, @)

20

(D). Running Coupling Contribution

2,1 Bo ) 4
) = —70(1’1)(% Q%);  Bo= -

J.Bliimlein
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(E) & (F). NLO splitting functions

1)
\Zf %
® ®
+
Ce” Ce”
(E) (F)
1 2~0 2 0
(2,1) 2 (1,8) d“oc I d*o
C = dzP - J -~
£ = [P [ : ZO)dydw - dde2]
-1 2~0
(1,5) d“o I
—{—/ dzPec J(z
(2,1) 2 (1,T) r 4?00 g d2oY ]
C = [ dzP 0(z — — -
ro (Y, Q%) ./o . Ns(z)[ (z — zp )ddeQ (z NFTOE
-1 2~0
1,7) 40"
P
+/ng ee, PS< )ddeQJ (Z)
p(1,5) pL, S)‘ ﬁo Po n(S) (3
ee,NS OM _ ee NS |57 0,ee
1,T 1,T T
Pe(e N% OM o e(e N%‘— (() e)e( )
Plong| o (2) = Pl >+P6Nf<z>

(1,7) _ pl,T
Pee NS MS (z)_Pee,F( )+P€Nf( )
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r(S)

0,ee

1D () = 2 [11+ 22 <1n(1 —2) + %)L

—Z

S: Light Cone Expansion; T: Cut vertex method.

Pese,F(z)

Pese,PS (Z)

P;,F(Z)

P;,Ps(z)

S, T
Pee,Nf (z)

—2P% (2)1n(z) lln(l —z)+ 21
—%(1 + 2)In?(2) — %(3 + 72)In(z) — 5(1 — 2)

— (14 2)In?(2) + <1 + 5z + §z2> In(z)

2 (1—-2 o
+§< . )(10—|—z—|—28z)

3
2P (2)1In(z) lln(l —z)—1In(z) + Z]

—|—%(1 + x)1In?(z) — %(7 +32)In(z) — 5(1 — 2)

(1+ 2)In?(z) — <5 + 9z + 222> In(2)

—g <1;Z> (5 + 232 + 1422)

Wl N

{Pge(z) lln(z) + g] +2(1 — z)}
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5. Numerical Results

1-loop CORR. (%)
(S=10° GeV’)

0 ——— x=0.5, LLA I
ol ———- x=0.5, full 1-loop |
x=0.1, LLA
50 |\ x=O.1_,3fuII 1-loop |
— x=10 ", LLA
_aA-3
30 | - x=10 7, full 1 loop i
10 - :
_10 L - 4
_50 1 1 1 1
0 0.2 0.4 0.6 0.8 1

Comparison of the complete O(«) results with that of O(«L).
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90

70

50

30

Comparison of the LLA results in O(aL) and O(a?L?).

LLA QED CORR. (%)
(S=10° GeV’)

x=0.5, O(a)
——— x=0.5, O(0)+0(a®)
x=0.2, O(a) |
x=0.2, O(0)+O(0?)
x=10", O(a)
——— x=10", O(0)+0O(a?)

P

0.2 0.4 0.6 0.8 1
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O(a’L?) QED CORR. (%)
(S=10° GeV*)

x=0.5
x=0.2
x=10"

0.2 0.4 0.6 0.8 1

Contribution of the O(a?L?) leptonic radiative corrections.
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(a’L) QED CORR. (%)

(S=10° GeV")
0.7 ‘ ‘ ‘ ‘ ‘

x=0.5
x=0.1
x=10"

-0.3 r .

0 0.2 0.4 0.6 0.8 1

Contribution of O(a?L) to the leptonic radiative corrections.
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QED CORR. (%)
(S=10° GeV*)

60 ‘ ‘ ‘ ‘
— x=0.5, o,t0o,
——— x=0.5, 0,
40 - _ .
x=0.1, o,+0,
x=0.1, g,
-3
—— x=10 , o,+0o,
20 ——— x=10°, g, I
O L
-20 - \
N
\
-40 \ \ \ \ !
0 0.2 0.4 0.6 0.8 1

Sum of the leptonic QED ccorrections to the Born cross section in O(aL 4 «) (dashed

lines) and O(aL + a + a*L? 4+ L) (full lines).
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6. Conclusion

e QED corrections give large contributions to DIS cross sections,
particularly from the leptonic side.

e With the help of the RGE—decomposition, the leptonic
corrections of O(a”L) were calculated for the double
differential cross section d?c /dyd@? of DIS in mixed variables.

e The calculation was carried out in the on-shell scheme for
electron mass. This method generalizes earlier
investigations for ISR in eTe™ annihilation and includes both
space—and timelike splitting functions and Wilson coefficients.

e The O(a”L) corrections are about a factor of 5 smaller than
the O(a?L?) corrections and are of the 1% level compared to
the differential Born cross section in the whole kinematic

domain.
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